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ABSTRACT

This report highlights the goals, programiofc tivities and accomplishments for JTUGG/IAG
SSG5-143. Progress has been made onaltfionts; niin ic(o[li])lis)INI"ills include: (1) three
major campaig ns to measure sapidi.oth o lentalion vanations; (?) improvements 1N
measurements including theincrcase intheticgquency of the wehived atimospheric angular
momentum and the calculations of stmospl.iictorques. and (3ythe encouragement Of
cooperative multi-discipl inary studies and orpanzation of seve val seientiic meetings.,

INTRODUCTION ANI) MOTIVA'TTOXN

nigh time resolution measurements of 1 arth , wtation and atimosphetic angular moment um
(AAM) have been proposed as amajorresce . harcafor the 19905, both by the workshop
held at Erice in 1988 on the “Interdisciplinary Role of Space Geodesy” [Mueller and Zerbini,
1989] and by the NASA Workshop on Geodyiamics and Geology beld in July 1989 to plan
NASA Solid Earth Science Programsiorthe e mning decade [NASA, 1991]. The importance.
of the determination of rapid Eatthrotationvaiations and | IS, implication for geodynamics
was recognized by the International Union of Geodesyand Geophysies JUGG) In "Vienna
(August 1991) through a union resolution As. yesult, this special groupwas formed jointly
with the international Astronomic] Unicnto | ivocate for special mcasurciment campaigns
for the dc.termination of rapid variationsine Far thiotationandtoprovide a forum for their
interpretation (sce next section),

The scientific benefits to be oblaiied fromthese campaignsinclude increased
unde rstanding of the propertiesandongin sishort period fluctuations in the Earth’s
orientation, improvements to the t ida)imocicls @l sub-monthly periods, andimproved ability to
predict changesin the Earth’s 1otationuptoar onth in advance. A masjorgoalis to observe
and understand the interactions of the stimosphincandoccanwiththerotational dynamics of
the Fiarth, and their contributions to the exotition of Earthrotationvarnations over time scales
of hours to months. At these frequencies inin’of geophysical processesare thought to be
capable of affecting the Earth’srotavon, mnclucing aunosphence windwund pressure changes,
occaniccurrent and sca level changes, occant and solid Farthtidalmotions, anti seismic
motions. High-frequency measurcments and conplementary analysescanbe expected to lead
to delineation of short-period tidal, stinosphiciic, oceanic, and scismic effects 011 length-of-day
(1.OD) and polar motion. These inturnwillimp:ove our understanding of broad-band wobble
excitation proccsses, fluid-cor¢ resonunc ¢ character ystics, andmechanisms of
occanic/atmospheric dynamic coupling to the soiud Earth,

This paper highlights the activities of SSG S 143 over its fous year hi fespan. The second
section presents the goals and the prograaaivity.while the thind seetion discusses the
accomplishments. The final section sunima izes and presents prospeets for the future,

The reader is referred to several ione dotailed aecounts of the excitation of Earth
orientation changes; references to carly veaskcan be found v the classica | monogiaphonthe
subject by Munk and McDonald (1960)aud 1.y naorerecentwor k invatioas monographs and
other publications [Cazenave, A., 1980; Dickey and Fubanks, 1986, 1 ubanks, 1993; Hide,
1989; Hide and Dickey, 1991; Lambeck. 108x: Noritz and Mucller, T987; Wahr, 1988].

OBJECTIVES AND PROGRAMS OF A CEINVITIES _
Our goal isto observe and understandtheimierstionsofthe atniosphercandocean With the
rotational dynamics of the Earth, particulor), their contributions, as well as those  of



seismolectonics, to the excitation] of Eaithiotdtionvatiations overtime scales of hours to
months.

The program activities includes:

JInterface with the IERS in the deternmmation of rapid variations inBarth rotation by
the space geodetic techniques, especially dining intensive campaig ns.

.Advocate for the best possibleauxibiery datafromgeophysical, oceanographic and
atmospheric sources,

. Advocate for improvements in casurcment technigues (including geodetic,
atinospheric, oceanographic and gecophys:ce | ),

.Encourage cooperative multi-disciplinarstudies; provide @ forum for discussion.

ACCOMPLISHMENTS

The past term has been active andpioductive; mainaccomplishmentsinclude: (1) three
major measurement campaigns both to mcaswe high-fiequency (<lday) Earth orientation
variation; (2) improvements in mcasvrementoncluding incicase inthe frequency of the
archived atmospheric angular momentumeandihe caleulations of atinospheric torques; and
(3) the encouragement Of cooperative mu atidiviplinary studics and o1 ganization of several
scientific meetings including the. Syposivm, Sub Daily Measmements of Harth Rotation
held at the IAG General Meeting in Beijing, China (August, 1993) and special sessions at the
American Geophysical Union Mectings. Mcmbeishipisgivenin ‘1'able. 1,
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A magor campaign, SEARCH 92 (Study of Farth- Aunosphere Rapid CHanges), for
high time resolution (sub-daily) mcasuiements of Earth rotation by al of the space geodetic
techniques was coordinated by theInternationat Barth Rotation Service (1ERS) and was held
in conjunction with the International GiPS Seivice (1GS) Campaign (June 21- September 22,
1992). A special intensive period(bipoch™92) extended from July 25 through August 10,
1992. An IERS Technical Note. |Dickeyani Feissel, 1994) documents the observational
program as well as its analysis; an over view is piven by Dickey et al ., 1994,

GPS measurements were obtaincdfron: a core network of - 30 1eceivers with 80
additional sites in place during EYOCIH 92 [Beutler and Brock man,1993). The SLLR global
network consisted of 30sites,twoof whichimedual SLR/LLR stations and obtained 1.1.R
results as well. The VLBImeasuvieine ntprograni consisted both of 1outine operations (IRIS-
A, NAVNET) as well as intensive obscrving efforts. ‘1 here was essentially continuous
coverage on two Simultaneous VI.BInctw ol duting the period July 27- August 10 (for an
overview, see Dickey et al., 1 994). Speaial efforts were made to obtain the best possible
auxiliary data from geophysical, occanogiaphic, andatiosphericsources. The frequency Of
archived atmospheric angular momentun ncalolation was inc cased fiom twice to four times
daily and atmospheric torque calculations were begun.

A second campaign, CONT’94, washeldinJanuary 1994, which allows for a study of
solid Earth-atmosphere interaction durng the Noithern ) lemisphere winter. This activity
featured 15 days of continuous V] .Blwith2lstationsinthree simultancous networks
coupled with participation by the othciiechmoues, Theresult wasthe best VILBI to date: 6
nmim repeatability on 10,000 kmbasclines, and highly accur ate houly measurements of Earth
rotation (6 msin UT1and 250 masinPM,1, A third campaign CON'1 °95 isscheduled for late
August 1995 and will be complemantaryto CONT’ 94, being held in the Southern
1 Jemisphere winter.
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Fig. 1. The sum of the integrated atmosphai i, angula momentum (A AM) and dinrnal, semidiurnal, and longer
period tides compared with the observed Ul Tvaristio: . fromGPSand VIBI ‘1 hice AAM series arc shown: U.
S. National Meteorological Center (NMC), Furopee n Centie for Mediu m Ra nge Forecasts (HCMWE), and
Japan&ee Metcorological Agency (JMA). Al ter|bicedinimer al., 19944].

A strong diurnal and semidiurnalsignature is clearly seen inall data types (see Fig.1);
comparisons with the independent t cchmques of VEBland GPS confinm the reality of this
signature [- ().1 mscc (5 cm) in ﬂmplitl‘(h'i» 'The data gap in the middle of the time series is
due to the use of anti-spoofing (AS) signalcnceryptioninthe GI'S. 1iurnal and semi-diurna)
rotational variations were postulatedbyYodereral. ( 1981 ), who proposed that such
signatures should arise from theinteractions of the occan tides with the solid Earth.
Estimates Of these variations werepade by Baaderer al. (1983) forthe M2 tide and were
refined by Brosche et al. (1989 and 1 991){or the. major dinrnal and scinidiurnal tides. Sciler
(1991) and Wiinsch and Seiler (1992’) 1eviscithe Broscheetal .(1989)tidalmodelusing a




new numerical ocean mock]; these calculations v cre laterimproved by Gross (1993) through
the usc of amore realistic rotation model [see also Brosche and Wiinsch, 1994]. Dickman
( 1903) developed the “broad-band” 1.iouwille caoationapproach and determined the effects
of th ¢ dynamic ocean tides on Larthrotation. The models mentioned thus far arc
unconstrained in that the solutions are notequiredto it in site idal micasurements and
depend only on knowledge of the globalbathymetry. Suchanapproach requires
sophisticated hydrodynamic modcling with fine spatial resolutions in shelf arcas, as the tidal
energy dissipation occurs mainly intheshe [ow s vas,
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Fig. 2.. Predicted and observed variationsin AL ‘1 ne predictions (sohd curve) are basedon a tidal-height
model. The observations with 1s standard cirors, aicthe jraductef five overiapping VI.BIexperiments carried
out during late July 1992 (modified Julian date 48630 7/ July1992). 1 achexperimentwas about 1 day long,
and cach has been adjust ed here empiric ally byasingle t, o Af ter Ray et al |, 1994,

A class of global tide models Live bee i developed that are constrained by tide
observation.s (gauge measurements atcoasthimesand at islands, andsatelhte atimetry). This
allcviates to a certain degree the necdforhiylispatialresolutionmodels with complex
physics packages. In a recent study, Ray¢f«! (1994) utihzed the model of global tidal
heights derived by Schwiderski (1 980). whichiis constrained by more than 2000 coastal,
island and bottom pressure measurcinents. Inaddition to the effect of’ the global height
fields, the impact of the tidal currentsinfenicdfiomamodificdform of Laplace’s momentum
equation were included. A complementaryapproschisthe development of empirical models
obtained by fitting the major tidal componcntst: sub daily Farthrotation observations. This
approach has been applied to VI BlanalyusbySovers ez al. (1993) and Herring and Dong
(1994) and to SI.R analysis by Watkinses ! (1 224). As one would expect, the empirical and
constrained models result in better fits than the unconstrained. Differencing with respect to
the Brosche er al. (1989) mode.] as modificd by Gross (1993) actually increases the scatter.
Most of the discrepancies arise. fromthesenidiurnalband, whichthe theoretical model
predicts tohaveamuch larger amplitude ecimaneral., 1994h). Ray et al. produce tidal
variations in Universal Time that agree with VI Il observations at a2 micr osecond level (see
Fig. 2) and thus cstablish oceanic tides as the dominant mechanism for producing Earth
rotation variations at these periods.

Moving to multiple day timescales, onecanadd the atmospher iceffecttothe tidal
variations (here the empirical modclof) lcringandDong (1 “)94) is used) by integrating
AAM to obtain the atmospheric variability (g ]). ] ancartendswercremoved from each
series for each of the two periods. Thegcodeticngnal ca nbe described by the sum of AAM
variation and tidally induced U'T'1, withtides acting atperiods of one dayandless and A A M
dominating variations at periods g jcater than a iy, 1 he differences between GPS and VILBI
arc atJe astas lar ge as those betweenthe AAM crics themselves andthe AAM and geodetic



series. There is nonresidual signal that o».cecds the formal cirors. The subdaily variability of
the AAM is quite small and at this poinicannotbe separated fromthe oceanic effects;
however, limits can be expressed [J reedinan cral., 1994). Improved theoretical tide models
arc ncedto unravel the oce anic and atmospheric sig nals, with geodetic measurements
providing strong constraints. Thecicationo! a new gencration of occan models is now
underway through the analysis of TOPE“X (Occan Topography I'xperi ment)/Poseidon
satellite altimeter mission data. Thesedevelop.ng models, patticulaly those that utilize data
assimilation, should provide greatly iinproved predictions of tidally induced Earth rotation
variations [Ray ef al., 1994].

During a 6-day subperiod (1 uly 31-August s, 1992)withinthe SEARCH Campaign, a
strong rise in both LOD and AAM was obscrved, which was caused primarily by zonal wind
variations. Analysis of equal area belts of AAM dataindicatesthatthelow- latitude Southern
Hemisphere belts arc the dominant contributons to these effects [Salstermn and Rosen, 1994).
While angular momentum variations pu ovide yuformation on the center of activitics during
te period Of interest, additional insightimtothe mechanismsinvolvedcanbe gained through
the analysis of the atmospheric torques. Inthe study of Salsteinand Rosen (1994), both
mountaintorque (which results from diffcrencesin nonmalpressure forces across mountain
barriers) and friction torque (Whichgrivesfiom tangential frictional stresses at the
atmosphere’s lower boundary) areconsidercd Mountaintorquesaccounted for most of the
momentum transfer between the. solid 1 .a:thariatmosphere,withthe Southern tropics (0°-
30°S) making (hc largest contribution.Not¢ that this campaignwes held in Southern
Hemisphere Winter; hence, the bulk of the aniivibes are expected there, '] ‘orques across
South America are particularly impoitant Thiseventis associated with a high-pressure
system cast of the Andes Mountains thal produced a strong zonal pressure gradient, thus
inducing the observed AAM and 1.01 vanations.

SUMMARY ANI) PROSPECTSFOR ‘J) 311 (P 1'[11<1

Here, we have highlighted recent advances in the high-frequency measurement of Earth
orientation and their interpretation. Intcinational cooperation through the 1ERS and the.
TUGG/IAG Specia Study Group 5-143 wisssticssed. ‘1 he future iseven more promising with
the anticipated technologicaladvancescrvissgad forspace geodesy and developments that
are being planned in related areas. ‘I'hic avail.shility of accurate Larth relation and polar
motion data along with AAM resultsandotheancillary data, sochastorques, and their
coupled analyses arc keys to unraveling the couses andimplicationsof Earth orientation
changes. The continual improvement in the i curacy and density of data from the new
techniques will alow the study of the Farih's cachange of angulanmomentum with its fluid
cnvelope over even shorter time scales.
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